Introduction: When and Where Did Everything Start? {#Sec1}
==================================================

In the past 20 years, mankind has experienced two severe coronavirus infections, the severe acute respiratory syndrome (SARS) outbreak in 2002 and the Middle East respiratory syndrome (MERS) in 2012. The first cases of the COVID-19 outbreak started in December 2019 in Wuhan (China) in patients with complicated pneumonia \[[@CR1]\]. The disease is caused by a new coronavirus (SARS-CoV-2) from a potential bat origin \[[@CR2]\] and from which viral genome was rapidly characterized \[[@CR3]\]. In January 2020, angiotensin-converting enzyme 2 (ACE2) was identified as the functional receptor for SARS-CoV-2, present in multiple human organs including the central nervous system.

The disease progressively spread to other Asian countries, Iran, and European countries such as Italy, Spain, France, Germany, and UK. Later the COVID-19 also spread to African and North and South American countries such as USA, Mexico, Brazil, and Argentina. Until the present day ( early August 2020), COVID-19 has affected 188 countries, infected over 18 million people (probably a larger number if infected people who did not undergo a proper diagnostic test are considered), and caused more than 700,000 deaths all over the World. The WHO declared the disease a global pandemic on March 11, 2020.

The common symptoms of COVID-19 are general malaise, fever, cough, and shortness of breath. Other symptoms include muscle and joint pain, sore throat, headache, nausea or vomiting, diarrhea, and some nasal symptoms, especially smell and taste dysfunction. Similar to other upper airway viral infections (URTI), such as common cold or flu, the loss of smell is a frequent symptom in COVID-19 patients. However, a sudden, severe, and isolated loss of smell and/or taste may also be present in COVID-19 patients who are otherwise asymptomatic.

How Smell Works and How Common Is Its Dysfunction? {#Sec2}
==================================================

Nasal airflow odorants reach the olfactory neuro-epithelium which covers a surface of 8--10 cm^2^ of the olfactory cleft in the upper part of the nasal cavities and they where bind/activate olfactory receptor (OR) proteins. The olfactory neuro-epithelium contains 5--30 million receptor neurons which express up to 350 different OR \[[@CR4]\]. On the other hand, the sense of taste is conveyed through only 5 taste receptors (sweet, salted, bitter, acidic/sour, umami/sodium glutamate) expressed in the tongue and palate gustatory buds.

The OLFACAT (OLFAction in CATalonia) survey reported a prevalence of loss of smell, either partial (hyposmia, 1 out of 5) or total (anosmia, 1 out of 300), of almost 20% of the European general population (82 million of EU citizens) \[[@CR5]\]. A recent epidemiological study reported a prevalence of 13.5% for smell impairment, 17.3% for taste impairment, and 2.2% for both taste and smell impairment in the US adult population \[[@CR6]\]. Smell dysfunction has a significant impact on quality of life (QoL)  as well as decreased abiliyty to detect noxious environmental elements such as fires, gas leaks, spoilded food, a reduction in appetite and eventually malnutrition, immunity reduction, and worsening of medical illness. Loss of smell has been also associated with increased mortality.

Why Does Loss of Smell Occur? {#Sec3}
=============================

Major causes of acquired smell loss include URTI by respiratory viruses (adenovirus, rhinovirus, coronavirus, influenza), traumatic brain injury, upper airway inflammation (rhinitis, rhinosinusitis), and neurodegenerative (Parkinson and Alzheimer) diseases while minor causes are intracranial/sinonasal tumors, drugs, exposure to toxic substances, irradiation, or iatrogenic factors \[[@CR7]\].

Loss of smell is a common (\> 60%) and usually transient (3--7 days) symptom in common cold and acute rhinosinusitis \[[@CR8]\], with the post-viral etiology being also the most frequent cause of permanent loss of smell. The loss of taste has not been, however, thoroughly investigated in URTI. Smell loss in URTI is caused by a multifactorial combination of mechanical obstruction for the odorant transmission in the olfactory cleft due to mucosal inflammation (cytokine storm) and shedding (neurodegeneration) of the olfactory neuro-epithelium which interfere with odorants binding to OR \[[@CR9]\]. ACE2 and TMPRSS2, two protein receptors which are required for host cell entry and facilitate accumulation, replication, and binding of SARS-CoV-2, are expressed in the sustentacular cells and, in a lower extent, in the OR neurons of the olfactory neuro-epithelium, having a potential role for the loss of smell in COVID-19 patients \[[@CR10]\].

How Can Loss of Smell Be Measured in COVID-19? {#Sec4}
==============================================

In COVID-19 patients, smell and taste assessment may be performed by (a) written or online questionnaires, these being qualitative but most of them lacking quantitative assessment; (b) a visual analogue scale (VAS, 0--10 cm), this being a fast, easy to perform, and safe quantitative method to be used in daily clinical practice; or (c) a subjective olfactometry, which is not recommended to be used in a face-to-face application in COVID-19 patients due to the risk of transmission to patients and health professionals \[[@CR4]\]. With appropriate training, some of these tests can be performed using video consultations via telemedicine, this being safe for both patient and examiner \[[@CR11]\]. Individual tests for smell identification such as UPSIT could be considered safe but, being culturally dependent, they should be properly validated in the different country populations \[[@CR12]\]. Chemical gustometry is a useful test to differentiate between flavor (smell in addition to taste) and pure taste disorders but, like for smell tests and due to the high risk of disease transmission, only individual disposable kits are recommended in COVID-19.

Loss of Smell in COVID-19: What Evidence Do We Have? {#Sec5}
====================================================

On March 2020, the first alarm arose from scientific societies in different countries (UK, USA, Italy, France, or Spain) due to a series of sporadic cases, predominantly in health workers, reporting sudden, severe, and sometimes isolated loss of smell and/or taste \[[@CR13]\]. After an initial analysis of the 56 first studies published to date on COVID-19, the Oxford COVID-19 Evidence Service provided a document stating that "the current evidence (grade D) to suggest changes in olfactory sensation is a feature of COVID-19 is limited and inconclusive."

Since then, a number of prospective and retrospective studies on loss of smell and/or taste in patients with COVID-19 were immediately started and published. In Wuhan, China, Mao et al. \[[@CR14]\] reported a retrospective study based on clinical record with a 5% incidence of loss of smell or taste in 214 hospitalized patients. A survey (*N* = 3191) conducted in Daegu (South Korea) reported an incidence of 12% of loss of smell or taste. In Milan (Italy), Giacomelli et al. \[[@CR15]\] studied 59 hospitalized patients with a 34% incidence of loss of smell or taste. Lechien et al. \[[@CR16]\] reported a high incidence of loss of smell (86%) or taste (89%) in patients with mild-moderate COVID-19, with a significant impact on patient's quality of life, from 4 European countries (France, Belgium, Italy, and Spain).

From March to June 2020, a number of studies on the incidence/frequency of loss of smell (and also taste) have been conducted in many countries and continents (Asia, Europe, America) \[[@CR17]\]. A great variability has been found (from 5 to 95%) however in the incidence of loss of smell (Fig. [1](#Fig1){ref-type="fig"}) that probably depends on the methodology of questionnaires and the lack of quantitative assessment. A meta-analysis has recently been published on these COVID-19 loss of smell and/or taste studies \[[@CR18]\]. In addition to incidence, most of the studies demonstrated that the majority (\> 90%) of COVID-19 patients recover their loss of smell or taste 2 weeks after onset of the sensory dysfunction. In most studies, the loss of taste occurs with a similar incidence than loss of smell that casts doubt on the difference between loss of flavor (smell plus taste) and loss of real taste (only valid for sweet, salty, bitter, and sour/acidic) perceptions. Among the few studies that have clearly differentiated between the loss of smell and taste \[[@CR19], [@CR20]\], Song et al. \[[@CR19]\] found that loss of taste was more frequent (21%) than loss of smell (11%) in hospitalized patients, the loss of taste but not of smell being associated with severe COVID-19.Fig. 1High variability in the frequency/incidence of loss of smell (from 5 to 98%) in studies and surveys conducted across different countries from Asian, European, and American regions during the COVID-19 outbreak. Study first authors and corresponding countries are displayed in the *Y* axe legend. In international studies: single asterisk indicates studies/surveys were performed in France, Belgium, Italy, and Spain; double asterisks indicate studies/surveys were performed in the USA, Mexico, Italy, and UK; triple asterisks indicate studies/surveys were performed in France, Belgium, Italy, Spain, and Switzerland

A study carried out in Spain (846 COVID-19 patients and 143 controls) did perform a quantitative evaluation of the loss of smell and taste by using a VAS (0--10 cm) \[[@CR20]\]. In addition to 18--19% of patients having loss of smell and/or taste as the first symptom, this study has found a clear association of loss of smell and taste with younger (\< 60 years old) and non-hospitalized patients. Until June 2020, only one study \[[@CR21]\], carried out in Iran (*N* = 60) reporting the highest incidence of loss of smell (98%) in COVID-19 patients, has used a smell test (UPSIT) although their results may be doubtful given the lack of validation of that smell test in Iran \[[@CR12]\].

Loss of Smell Due to COVID-19, Can We Improve It? {#Sec6}
=================================================

General preventive measures of hand washing and general hygiene (mask wearing), social distancing, preventive home isolation, and diagnostic tests, when possible, are the first and most important measures to avoid the spread of COVID-19 \[[@CR22]\]. Chinese \[[@CR23]\] and British \[[@CR24]\] investigators have recently developed two vaccines against SARS-CoV-2 virus which have promising future in terms of safety, tolerability, and immunogenicity.

Post-viral loss of smell is the most common cause of permanent olfactory loss and several treatments have been recommended in the literature. Overall, there is no real evidence for any specific pharmacological option for post-viral loss of smell \[[@CR7]\], including COVID-19. The benefit of corticosteroids, intranasal and/or systemic, on post-viral olfactory loss is not clear although they are often used as first-line therapy to treat more a potential virus exacerbation of CRS than the post-viral condition itself. In the COVID-19 outbreak, if patients are being treated with corticosteroids for a sinonasal inflammatory disease (allergic rhinitis or CRS), discontinuation of treatment is not recommended \[[@CR25]\].

Olfactory training is the only current evidence-based therapeutic option for post-viral olfactory loss \[[@CR7]\]. Over 90% of COVID-19 patients with loss of smell may recover that sense within the first month, and olfactory training is strongly recommended if smell has not recovered after that period of time but can be started earlier.

What Are the Take-home Messages to? {#Sec7}
===================================

Smell impairment is frequent (\> 60%) in viral (common cold) and post-viral infections and could often (1 out of 5 patients) present as an early sudden, severe, and isolated symptom in COVID-19.There is a wide variation on the incidence of smell and/or taste disorders, from 5 to 98%, depending on the specific methodology, country, or study.The use of either VAS or/and disposable olfactory or gustatory test is recommended for an appropriate and safe quantitative assessment of the loss of smell or/and taste during COVID-19.During the COVID-19 pandemic, general safety measures such as wearing masks, social distancing, and home isolation should be followed. A diagnostic test for SARS-CoV-2 is recommended, when available, for all individuals with sudden, severe, and isolated loss of smell and/or taste.Olfactory training should be recommended in COVID-19 patients who experience loss of smell have not yet recovered, this being strongly recommended after 1 month of the dysfunction onset.
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